PHYS.1440 Exam Final Spring 2016
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Show all work. Show all formulas used for each problem prior to substitution of
numbers.  Label diagrams and include appropriate units for your answers.
You may use an alphanumeric calculator during the exam as long as you do not program
any formulas into memory. By using an alphanumeric calculator you agree to allow us
to check its memory during the exam. Simple scientific calculators are always OK!
A Formula Sheet Is Attached To The Back Of This Examination
Be Prepared to Show your Student ID Card

Score on each problem:
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1. Conceptual Questions (30 point)

1.1. (6pts) A lens produces a sharply focused, inverted image on a screen. What will
you see on the screen if the lens is covered by a dark mask having only a small
hole in the center?

Screen

A. An inverted but blurry image.

@4:: image that is dimmer but
otherwise unchanged. 4 ‘ /IL
C. Only the top half of the image. S e

D. Only the bottom half of the

image. Object

E. No image at all.

1.2. (6pts) Figure is a snapshot graph of two plane waves passing through a region
of space. Each wave has a 2.0 mm amplitude and |
the same wavelength. What is the net e
displacement of the medium at points A and B?

L
o st L
A 4 rnr {A/"‘B//\
B 7y, / X -
\

Wave 2

Wave

1.3 (6pts) Four point charges are arranged at the corners of a square. Find the
electric field E and the potential V at the center of the square.

-0@ +Q
A) E=0; V=0 {
B) E=0; V#0 N S
o
C) E#0; V#0 Ve
D) E£0; V=0 _ /
Q,_ e —/) ‘ +Q
E) E =V regardless of the value -Q
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1.4 (6pts) An extended light bulb (see the figure) illuminates a narrow vertical aperture
in a dark screen. What do you see on the
viewing screen?

(Circle the right answer)

Viewing screen

Light bulb

A. B. C. D. @

1.5 (6pts) Two loops of wire are moving in the vicinity of a very long straight wire
carrying a steady current. Find the direction of the induced current in each
loop. (CW stands for clockwise direction; CCW — counterclockwise)

Loop 4 B=coust

-
4) CW 4,,,“,%@:@@455,-9_@"; I Bext
B) CCW Suoont § 7 t

Loop B:
A)CW
B) CCW

C) No current

'Bq}; —s;ﬁ%-’-‘?ih.}fffm?" I(GW)

F 3

Loop A
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Problem 2. (20 pts)

A 0.1-m-tall cat is placed 20 cm from a 1-m-focal length converging lens.

a) Determine the image position using ray tracing (draw it). Identify if the image
is upright/inverted and real/virtual.

b) Calculate the image position and height.

Y

é);u Lot S=02u; L=+ 101: h=01u
5 5 K_V'H"'h(e( iuzcy:_
<o _S__f _ It 02 “6025'
S-f Q24 -du _,,..--—--Ug’
Ly w%
_ g_/z__(o?/S'.u) OIZ?’-J ’
S 0.2
e .t‘t o 1 Sslu) b= 22580 wg12C 2
J——
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Problem 3. (20 pts)

Light strikes a glass plate at an angle of incidence of 60°; part of the beam is reflected

and part is refracted. It is observed that the reflected and refracted portions make an

angle of 90° with each other (see the figure). What is the index of refraction of the
glass?

g =60°

B, +90°¢ b, = £80° (peowsty /
pz - %Oo Glass,ny

Sweetl's Law: )
7,8 = 6%@
Ny= N, %_”ﬁ = = { g"§9" "y

- ’ = -—-E- = V_g
2T fm 30”2z
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Problem 4. (20 pts)

If the distance between the first and tenth maxima of a double-slit pattern is 18 mm
and the slits are separated by 0.15 mm with the screen 50 cm from the slits, what is the

wavelength of the light used?
/\ ._? $£=ﬁfm=5b&téi! é)]/_e&: ﬂ’=@l$,u_¢./,‘ a=[8##
[ = SPowr et

F(“uj.' A"’t‘?

e
"M:\mn

i Nyops =Nepyy -4 = 10-1 =
= A 7
i% 13 8y —o i stacce (fopd) between bpy(f ot
. : Fi v, QY =2
= B 77
=Rl AL . pedd JL
"é L2 %T-(ymﬂ—c-y‘“:@‘fdg—mj :g

Aéf“fd'g,é = =

o i o Wi B 1 ity )

A{fcpA g . 60D —
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Problem 5. (20 pts)

The magnetic field of an electromagnetic wave in a vacuum is
= (2-1078T) Sin[kx + (3w - 10'%)t];B, =0; B, =0,
where x is in meters and t is in seconds. What are the wave’s

a) (2pts) direction of propagation;
—X divrechon

b) (3pts) wavenumber;
370" %

‘ 3 g
e=Rok=2 =0y =T 5

c) (3pts) wavelength; =

i _ s Doprd
A K r:&’f"zm,ﬁ’f-‘

d) (3pts) frequency;

3..“
W M

e) (3pts) electric field amplitude?
E,=C- Bo=3uc*f . 2,04 T= 6%,

) (3pts) mathematical expression for the electric field? d

E('J (J'.'é) =§ %)&[(y;f)x 4(31.1916)-4

g (pts) intensity of the electmmagnetic wave?

T _6n) _
J/ a?(?'fcw/) 47157 T
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Problem 6. (20 pts)
A) (6 pts) The figure shows two points inside a e

capacitor. Let V=0V at the negative plate. What . ] 3mm E

is the ratio V/V of the electric potential at these 1 mm +

two points? s e

s . * 24

V=E.s  E=comt 1 2 ¥

+

—_— = —— +
Vi Es,

B) (14 pts) An electron is accelerated from rest in a capacitor. A potential difference
between the plates is 5000 V. What is the speed of the

electron (m=9.1x10°' kg, g=-1.6x10"" C) as a result of B I_
this acceleration? > i
Couserv. of fﬁuw K +
L oe—
E=£ i fii
YA § 2 :
Kt U =Kp1tp ei{:fV ; :
4 2
2 =9 (Vi) = ~9(V;-t)

év- 5-0 o D—‘?

—_

2 ' > 7
Sy = V— G AV =V—€-§;h,,y (16467 ). 6000l = 4.,?-103'%
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Problem 7. B B
A) (10 pis) What is the magnetic fild 7~ @ © as @€, O €
strength and direction at points a Q ‘i_ . cm. .
and b in the figure. Point b is the B. - 10A
midpoint between the wires. B ® ® be ® ® M_Ozm@ ®
10A
”3757??’% led 2 iuto be pope .
; T @ ©p © 0 ® e
Polt a.* : /" f { wect of B
Polt a nse)
- e / ) o> B - outof b poye
Tufo btup - B, >B, = Oa
aTT( f a{) + s f *

B -B. '-:/—4—('—;(:?—1-. - _..3- .: 'IFI{‘:: 6-?'-{0-57_ (Wfa'/@f’%)
*Po;lq}(;" o f“

By = b« B, =221 (£ c 20./6°T (Wb Wor par)

% f/a F
B) (10 pts) A proton moves in the magnetic 4

field B = 0. 5iT with a speed of I. 0x10"m/s
in the direction shown in the figure. What
is the magnetic force on the proton? Give y
your answers in component form. .

f’_qu'x &
o E ovecdion is -(-(7 (RHE )

aFmgfm%o&
/F = /7”“57 f"rg Sin & @610'?«’-)@(910 '%,)05‘9/ D 45° -
=5.3.10 3N [f-zy)

’/( F - /0/’ 5316 /V/' O)M

<!

45°=©

oy
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